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1 
My invention relates generally fo puise delay 
circuits, and particularly fo an improved system 
for providing a delayed puise which lags a ref- 
erence puise by a brief, xed, interval of rime. 
In automatic control oï radar ranging units 
where if is necessary fo automatically track a 
moving target, a system employing early and late 
gare puises is conventionally employed. The 
early and late gares which constitute positive 
puises separated by a brief, fixed, interval of 
rime are fed to a rime discriminating circuit 
which is capable of detecting the sense and mag- 
nitude of the rime difference between the re- 
ceived echo from a target and early and late 
gares, respectively. 
In such a system, if is customary fo establish 
a correspondence between the rimes of occur- 
rence of the early and late gares and the range 
indicated by the automatlc tracking device and by 
use of the received echo to ïorce the early and ]ate 
gares fo be moved so they occur .in a definite rime 
relationship with respect fo the returned echo 
and in particular, so that they occur in a rime 
relationship straddling the returned echo. A 
detailed description of one well known and com- 
monly used system employing early and late 
gares in connection with radar tracking units 
may be round in the proceedngs oï the Institute 
of Radio Engineers for 1947, at pages 1046 and 
1047. The system disclosed in the I. R. E. article 
for producing the early and late gates-employs 
a blocking oscillater associated with a delay line. 
In such a system, the blocking oscillator puise 
is utilized to produce the early gare, the pulse 
being concurrently applied to the delay line, and 
the puise as it emerges ïrom the remote end of 
the delay line forms the late gare. 
The use of a delay line to produce the late 
gare puise has been round undesirable because 
of.the extreme tolerances required, and the re- 
suiting diiïiculty in manufacture and adjust- 
ment of the component parts. 
It is, accordingly, an object of my invention 
to provide an improved system for generating 
a delayed puise which lags a reference puise by 
a brief, fixed, interval of rime. 
Another object of my invention is to provide a 
system for generating a .puise which lags a ref- 
erence puise by a flxed, brief, interval of tlme 
without utilzing delay lines. 
It is a broad object of my invention to provide 
a system for generating early and late gares 
whlch shall require less space and weight and 
which shall be more economical to fabricate than 
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2 
systems having this purpose which are known 
in the prior art. 
In accordance with my invention briefly de- 
scribed, I first generate a positive reference puise. 
5 This reïerence puise may be generated in a 
nUmber oï different ways, as by use of saturated 
triodes, thyratrons, puise forming networks, etc. 
Preferably, I utilize a blocking oscillator fo pro- 
duce a damped sine wave of one cycle, and then 
10 pass this wave through a cathode fol.lower cir- 
cuit fo eliminate the negative portion. I then 
apply the reference puise fo a differentiating 
circuit which comprises a suitable capaciter and 
the grid resistance of an electronic tube to which 
15 the capaciter is connected. The differentiating 
circuit produces sharp positive and negative 
puises. The grid of the electronic tube is held 
saturated so that the positive puise is dissipated. 
The negative puise is inverted by the electronic 
20. tube and appears in the plate circuit as a sharp 
positive puise, the leading edge of which corre- 
sponds in rime fo the tralling edge of the refer- 
ence puise. The reference puise may be utilized 
as the early gare, and the derived puise as the 
'25 late gate in an automatic adar tracking system, 
by means well known in the art. 
The advantages of the, system of my invention 
reside in the derivatlon of a delayed or late gare 
puise from a reference or early gare pulse with- 
30 out the use of a delay line, and with resuiting 
simplicity in construction, adjustment and op- 
eration. The puise formed is so shaped as to 
permit continual coincidence between both gares 
and the radar echo puise, providing great sen- 
35 sitivity for detection of small motions of a radar 
target. 
Other objects and advantages of my invention 
will appear from the followlng description taken 
in connection with the accompanying drawing, 
40 in which the single figure is a schematic diagram 
Showing a preferred embodiment of my inven- 
tion. 
Rererring now to the drawing,'there is shown 
a blocking oscillator ! ! which may be of any suit- 
45 able design for producing a damped sine wave of 
one cycle comprising positive J3 and negative 
portions iV. The output of the blocking oscilla- 
for_ ! is coupled to the grid 17 of a flrst elec- 
tronic tube 19 which forms a portion of a cath- 
50 ode follower cirouit. D. C. anode potential may 
be supplied fo the cathode follower tube J9 from 
-a suitable source, shown as a battery  I, having 
its positive terminal connected to the anode 3 
:.!and its negative terminal connected through a 
«.cathode reslster 2 to the cathode 7 and te 
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ground ai 29. Negative grid bias is supplied te 
the cathode follower tube 19 from a suitable 
source, shown as a battery $1, having its positive 
terminal connected te ground at 29 and its nega- 
rive terminal connected through a resistance 3 5 
te the grid 17 of the cathode follower tube 9. 
The output of the cathode follower, whieh is a 
clean positive pulse. 35, is taken frein the cathode 
resistor 25. This pu]se 35 may be taken frein 
te output lead 37 te form an early gare pu]se 10 
Sa. This pu]se 35 is also fed te a differentiating 
circuit which comprises a capacitor 39 and the 
resistance of the grid 4 of a second electronic 
tube 43. The capacitor 39 is connected betwen 
the cathode 27 of the first electronic tube 9 and 15 
the grid 4 of the second electronic tube 43. 
Frein the differentiating circuit there are derived 
sharp positive and negative puises 45, 4], respec- 
tively. The cathode 49 of the second electronic 
tube 43 is eonnected te ground at 29, and its 0 
a,nç.de  is ce .mu. ected through a resistanqe 53 te 
the anode 23 of the first electroc tube 19. The 
g:id 4:{ ç the second electronic tube is -held sat- 
urated b.:f a resistor  55 connected btween the 
gri 4/1 a!!d the positive terminal of the anode 25 
sulop_!y 1. Conseçluently, the positive Du]se. 4S 
derie.d, from the diff.eve!iating circuit is dis- 
sipafled. The negative puise 4 .d¢rived frein .the 
çiffeeni.ating circuit appears in the anode cir- 
cuit o thg. second eelctronic tube 3 as a sharp ;} 
p_s.tive pu]se 5, the leading edge of which cor- 
espqnds i rime te the traili!g edge of the ref- 
een.¢e p_ls . This puise may be taken frein a 
l_i_n.e 59. connected te the anode 51 of the second 
!c.ççnc tube 43 te ferre a late gare pulse 5. ?,5 
-The manner of application of the early and 
!at.e ga pu]ses in conj _unction with .the .echo 
:u.tse i_.n a radar tracking sysem ferres no part 
çf-t h.e present inve nti0n, :but is known per se, and 
accçdingly description heïeo_f is dispensed with 40 
e_r:e_in.. 
W:_hi._le I haye described my .invention as utfliz- 
i.ng. Ç blgcking oscillator and a cathode follower 
for generating the refeence pu]se, it wilI be real- 
.ized that other means for producing a reïerence 4 
pu]se having the equite wave shape my be 
ava_}l.a.ble and may be employed within the scope 
0f  my inv.enti0n. Frther variations and modi- 
fications of the invention may be resorted te 
ï.h_p!t departing from the true scope oï the in- 0 
enti9n aS above described and defined in the 
appçnded claims. 
 claire_ s my invention: 
1. A gare generating system for genm'ating 
earl.y and lte gare pu]ses comprising means for :5 
generating a damped sine wave of one cycle, a 
cuthode fo!10wer circuit, a differentiating circuit, 
ràïs for aplplying sid sine wave te the input 
0ï ii CthPde f-ollower circuit, means for taking 
%..lo_r.lor Of- aid cathode follower output te ferre oe 
the er-ly._gate pu]se, means ïor applying a por- 
tion 0 said cathode follower output te said dif- 
feentiating circuit, means for- clipping the posi- 
tive. pu]se of suid differentiating circuit output, 

and means for inverting the negatlve portion of 
said differentiating circuit output te form the 
late gare puise. 
2. In combination, a blocking oscfllater, a cath- 
ode follower, an R-C differentiating circuit, a 
clipper, an inverter, means for triggering said 
oscfllator, means for coupling said oscillator out- 
put te said cathode ïollower, means for taking 
à portion of said cathode follower output as an 
early gare pu]se, means for coupling a portion of 
said cathode follower output te said differentiat- 
ing circuit, means for coupling the output of said 
differentiating circuit te said clipper, means for 
coupling said clipper output te said inverter, and 
means for taking said inverter output as a late 
gate puise. 
3. In combination, an electronic tube having 
an anode, a cathode and a control electrode, a 
differentiating circuit comprising a capaciter 
coupled te said control element and the resist- 
ance f said cont,ol element, means fr generat- 
in._g a reference pu]se, means for coupling s_aid 
.reference puls te said diffe_rentiating ci.rcu, 
means for applying anode potential te said tubç, 
means for holding sid control element sauated, 
means for taking an output pu]se from the anode 
circu:t of said ube, said output puise being Rosi- 
tire and having a !eadng edge corresponding te 
the traili_ng edge of said referençe pu!e. 
 4. A gare genm'ating system fer genrang 
early and late gate pu]ses, comprising mean_s for 
generating a positive reïerence pu]se having a 
substantil!y vertical leading edge, mean or i- 
ferentiating said reference pu]se te otaia a pos_- 
tire and a negative pu]se, meçns for di_ssipat_!ng 
said positive pulÇe, and means f0.r- invcrting said 
negative pu]se, said reerence pse constituting 
the early gare pu]se and said inverted negative 
pu]se constituting the late gare pulse, the lead- 
ing edge oï which corresponds in rime te the 
traflng edge of said early gare pulse. 
5. An electronic circuit for generating a late 
g.ate pulse having  substantially vertical lead- 
ing edge whic-h corresponds m rime te the trail- 
ing edge o a reference pu]se having a substan- 
tiatly vertical leading edge, said circuit compris- 
ing means for generating said reïerence pu]se, an 
electronic tube having an anode, a cathode, and 
a contxol element, means for apptying anode.po- 
tential te said tube, means for holding the con- 
trol element of said tube saturated, a capacitor 
connected te said control element, means or.ap- 
plying said reerence pulse te said capacitor, and 
means for taking said late gate pu]se Item the 
anode circuit of said electronic tube. 
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